SUMMARY Eighteen patients suffering from Parkinson's disease and nineteen control subjects, who were matched for age and intelligence, were compared in tests measuring "shifting aptitude" at cognitive and motor levels (word production, sorting blocks or animals, and finger pushing sequences). It was found that Parkinson patients produced fewer different names of animals and professions in one minute than control subjects, needed more trials for detecting a shift in a sorting criterion, and produced fewer finger responses in a change of pushing sequence than control subjects. These results are interpreted as reflecting a central programming deficit that manifests itself in verbal, figural and motor modalities, that is, a diminished "shifting aptitude" characteristic of patients with dysfunctioning basal ganglia. The results are discussed in relation to changes of behaviour organisations in animals with dysfunctioning basal ganglia.
For many years, the basal ganglia have been known to be involved in motor functioning. The basal ganglia are also believed to play a circumscribed role in programming ongoing behaviour.'-' There is, also, belief that the basal ganglia play a definite role in cognitive functioning.8-'3 (cf. refs 14-i5.) Of those notions the last two rely mainly on studies of Parkinson's disease, a progressive illness that is accompanied by neuropathology in the basal ganglia. However, the deficits in question may, or may not, be related to abnormal function of the basal ganglia, as the pathology of patients with Parkinson's disease is not restricted entirely to the basal ganglia." In order to resolve this question, data recently obtained on the basal ganglia of animals 3 6 I8 were used to formulate the following hypotheses as to the sort of deficits in patients with dysfunctioning basal ganglia.
First, patients with abnormal function of the basal ganglia, for example Parkinsonian patients, should have a decreased ability to rearrange arbitrarily the serial order of the components of behavioural programmes. Following Bowen9 who refers to "shifting set", we use the term "shifting aptitude", being the ability to reorganise behaviour according to the requirements of the task. Accordingly, they should have a diminished "shifting aptitude" as to behaviour not directed by currently available sensory information. Concerning the characteristic features of Parkinson's disease deficits in motor control, there are already some indications that these patients have lost their ability to control "open loop" voluntary movements. '9-22 . The available information about their cognitive functioning is still controversial (see Discussion). Nevertheless, there is no doubt that Barbeau highlighted a crucial aspect by stating that Parkinson's disease patients are unable to shift to a new grouping if not prompted or guided. '4 Second, such a diminished "shifting aptitude" should manifest itself at distinct levels of cerebrally organised behaviour. Accordingly, it should manifest itself in tasks with varying degrees of complexity, varying from simple motor tasks on the one hand, to complex cognitive tests on the other.
Finally, manifestations of a diminished "shifting aptitude" at hierarchically less complex levels should always be accompanied by analogous manifestations at hierarchically more complex levels; the reverse should not be true. Indeed, there is already some evidence that increased task complexity produces a disproportional decrease in the performance 443 444 Cools, van den Bereken, Horstink, van Spandonck, Berger Parkinson's disease patients indeed have a Seven were male, and eleven were female. The mean age diminished shifting aptitude at the motor and cogni-was 60-8 years (SD = 9.3). Only patients who were in a tive level. Since the human data collected in this clinically stable state for a minimal period of one month study are highly analogous to those found in animals before the study were asked to co-operate (with informed with hypofunctioning basal ganglia (see Discussion) consent). Medication was neither changed nor stopped ganglia.of during the investigation. The patients had not been submitit is tentatively concluded that the basal ganglia of ted to stereotactic surgery. The diagnosis of Parkinson's man are also involved in programming cognitive disease was based on clinical assessment of the symptoms behaviour.
tremor, rigidity and akinesia. Parkinson's disease patients with non-Parkinsonism symptoms, EEG and CT scan Methods abnormalities, symptoms of depression, cerebrovascular disease and presensile or senile dementia were excluded. Subjects Table 1 shows the subject profile for the Parkinson's disThe Parkinson group consisted of 18 patients selected on ease patients. The symptom scores were evaluated by the Criterion tests WORD PRODUCTION 1 and 2. Subjects were initially asked to mention as many animals names as possible (= word production 1) and, next, to name as many professions as possible within one minute (= word production 2). The scores consisted of the total number of the mentioned items. These tasks are standard subtests in the Groningen
Intelligence Test (GIT) and represent "ideational fluency"30 BLOCK SORTING. The material for this test consisted of 27 blocks differing along three dimensions: form (circle, square, triangle), colour (red, blue, yellow) and size (small, medium, large). Subjects were asked to assign each block to one out of three sample blocks differing from each other in each of the three dimensions (a small yellow circle, a large red triangle and a medium-sized blue square). Initially, the criterion dimension was form. After five correct assignments in succession the experimenter changed the target dimension. The score of this test consisted of the number of trials preceeding five correct successive assignments to the criterion dimension colour. Before the presentation of the blocks the following instructions were given to the subject: "I am going to show you several blocks, one at a time. Each of them matches with one of three sample blocks. You will be asked to indicate with which one this block matches. Then, I will tell you whether your choice is correct", After five correct assignments in succession: ' We are going to start a new series now; you must make a choice again".
ANIMALS SORTING. The material for this consisted of two series of 24 cards; the name of an animal species was printed on each of them in capitals. The task was to assign each card to one out of the two sample cards GOAT and FALCON. Initially, the sorting dimension was bird vs mammal. After seven successive correct assignments the target dimension was changed to domestic vs wild. The score for this test was the total number of trials that the subject needed to discover the latter criterion dimension. The instructions given to the subjects were analogous to those for Blocks Sorting.
MOTOR SEQUENCES D and ND. For these tests, keyboards were constructed with four push-buttons, analogous to the apparatus for the repetitive finger movements task used by Perret, Eggenberger and Siegfried. 24 Before starting this criterion test, the basic motor ability of the subjects was assessed by measuring the number of pushes given during 15 s; in this case, there was no particular sequence prescribed (spontaneous level of performance or "free sequence"). The tests consisted of two phases. The subject had to press each push-button as frequently as he could during 15 s in the following sequence: index finger-middle finger-ring finger-little finger (first phase). During a next period of 15 s the sequence was changed to: index finger-ring finger-middle fingerlittle finger (second phase). The following quantities were computed: T, total number of pushes in each phase; C, total number of correct successive pushes in each phase (a push was counted as correct when it was preceded or followed by the correct push as defined in the sequence); the ratio C/T, that is, the proportion of correct pushes. The latter was taken as a measure of the performance in each phase, in order to match subjects with respect to preexisting differences in total amount of responding; consequently, the quality of sequential performance was measured without confounding due to just the number of finger pushes. MOTOR SEQUENCE D had to be performed with the dominant hand. MOTOR SEQUENCE ND had to be performed with the other hand; the apparatus for the latter test was symmetrical to that for the former.
Procedure
The subjects had to meet certain minimal criteria as to intelligence and motor functioning in order to participate in the study. The The dependent variable "shifting aptitude" was measured as follows. The performance on each of the two word production tasks was taken as directly reflecting the ability to generate different members of a particular set, that is, the ability to shift from subset to subset. In the remaining criterion tests "shifting aptitude" was measured by the score for the performance during the second phase which, by definition, followed the first phase. The performance during the first phase (non-shift phase) represented baseline performance; the performance during the second phase (shift phase) by definition represented "shifting aptitude". The "shifting aptitude" score in the sorting tasks was considered to consist of the number of trials needed to detect the change in sorting criterion; analogously, in the motor tasks it was the proportion of correct pushes in the shift phase.
Although the performance during the second phase of each criterion test by definition represented "shifting aptitude", differences between Parkinson's disease patients and control subjects could be partly due to differences in the baseline performance. This confounding source of variation was eliminated by means of analysis of covariance (univariate): the shift phase scores were regressed on the baseline scores. Thus, remaining differences between the two groups could be unequivocally interpreted as the result of differences in "shifting aptitude". In case the statistical analysis indicated that regression of shift phase scores on baseline scores was not parallel for the Parkinson group and the control group (that is; when there was a significant interaction between the presence of Parkinsonism and the covariation between shift and non-shift performance), within-group regression was used instead of the regression pooled across groups. 32 Two remarks are in order. First, "word production" tests are usually conceived as directly measuring fluency or "shifting aptitude". We prefer this traditional interpretation, because "word production" tests surely tap some form of "shifting aptitude". On the other hand, it could be argued that, by analogy with the other criterion tests, "shifting aptitude" is represented properly by the performance during the "word production" test, that is, immediately following parallel test that may reflect in addition a kind of higher-order "shifting aptitude". Given these alternatives, two kinds of analyses were performed: a comparison of the mean performance on both word production tests separately, and an analysis of covariance using the outcome of the "word production 2" test as criterion variable and that of the "word production 1" test as a concomitant variable. Second, it should be noted that the analysis of covariance procedure for the motor tests is double conservative. As the dependent variable consists of the proportion of correct pushes in the shift phase, there is already a correction for a a priori differences between Parkinson's disease patients and control subjects with respect to general (or basic) motor abilities. The present study does not focus on motor performance per se, but some pertinent results will be discussed because of the traditional interest in this topic. TF,T, and T2 = total number of finger pushes in the free sequence, the baseline sequence and the shift sequence respectively. Cl and C2 = total number of correct pushes in the baseling and shift sequence. D = dominant hand; ND = non-dominant hand. The entries in the column headed by p are the probability levels of univariate F-ratio. respectively than control subjects did; they needed more trials for detecting a shift in the criterion for sorting blocks and animals respectively; and they produced a smaller proportion of correct finger responses in a changed pushing sequence than control subjects did. The effects of Parkinsonism are not confined to a decrease in mean level of performance on the criterion tests. The overall pattern of relationships between the various tests, as contained in the variance-covariance matrices for both groups, was also significantly different not only for the criterion variables but also for the reference variables. Box's M-statistic for testing the homogeneity of the variance-covariance matrices for the reference tests is 43*14; the associated F-transformation is 1.67, with df = 21 and 4474, and p -0*028. For the scores from the shift phases of the criterion tests, the corresponding values are M = 35, F = 1*07 (with df = 15 and 4897) and p s 0-013. Although homogenous variance-covariance matrices are formally required when mean differences are to be tested with an F-test, it has been shown that this test is rather robust against heteroscedasticity (and against non-normality), particularly in the case of two groups with an equal number of subjects.33 The At the same time, the significant decrease in the level of "shifting aptitude" appears to strengthen the association between the various tests which were used to measure the construct. It is precisely this common factor in the test that is affected in Parkinson subjects: the tests converge in their common fate of impairment. Additional evidence for group differences in the structural relationships within the set of criterion tests is provided by the fact that the regression of shift phase scores on baseline scores of word production 2 and motor sequences D and ND, is not parallel for the Parkinson group and the control group (table 6).
Results

Discussion
The results of the present study appear to confirm the hypotheses that'" shifting aptitude" is decreased in patients with an impaired functioning of the basal ganglia, and that this diminished "shifting aptitude" manifests itself at several levels of behaviour organisations, that is, the cognitive and motor level.
DEFICITS AT THE MOTOR LEVEL
Regarding the deficits in the motor performance (tables 4, 5, and 6) "shifting aptitude" is significantly diminished in Parkinson's disease patients; this deterioration cannot be due to basic motor deficits. The latter would affect performance in both the baseline phase and the shift phase. Because variation due to baseline performance was removed from variation in the shift phase (table 6, column 2), any common factor affecting both phases was eliminated effectively from "shifting aptitude" scores (table 6, column 5). Therefore, whatever (motor) deficits affect motor performance during the baseline phase, these were not responsible for (residual) differences in "shifting aptitude" between Parkinson's disease patients and control subjects. (The question of correlation between laterality of the major Parkinson symptoms and hemispheric dominance on the one hand, and asymmetry of the deficient "shifting aptitude" on the other hand cannot be answered because of the relatively small number of patients per subgroup (cf. ref. 9 ).
Discussion of the experimental results requires a clear distinction between three components of the performance: (1) the capacity for executing finger movements, (2) the capacity for executing serial movements in a fixed sequence, and (3) the capacity for executing shifts in set from one fixed sequence of movements to another, that is "shifting aptitude" that manifests itself in the motor modality.
(1) As to the first component, Parkinson's disease patients generally differ from control subjects with respect to basic motor performance such as muscular weakness, rigidity and other factors reducing the capacity for executing movements. This was indeed the case in the present study. There was a significant difference between the Parkinson's disease patients and the control subjects when they had to press each of the push-buttons without a prescribed sequence (free sequence); as shown in table 5, the group means were 6-0 (+2 4) vs 9 7 (+3 8) with p -0-002 (dominant hand) and 6-0 (+2.6) vs 10-7 (+4-7) with p -0-001 (non-dominant hand). Still, the differences in indices for "shifting aptitude" cannot be ascribed to these impairments: the actual number of correct successive button-pushes was expressed in relation to the total number of pushes, thereby correcting possible differences in this respect. Moreover, the relevance of this component is weakened both by the selection procedure, that is, eliminating patients who were clearly unable to execute the required finger movements, and by the fact that the Hoehn-Yahr score of the patients was well below the maximum of 5: the ratings varied from 1 to 4 with a mean of 2-4 ± 0-8.
(2) As to the second component, Parkinson's disease patients may have difficulties in executing serial movements in a fixed sequence.24 A score for this capacity was defined as the product of the total number of pushes in the first sequence and the number of correct pushes in that phase divided by the number of pushes in the free sequence, that is a score for executing serial movements corrected for initial differences in the capacity for executing finger movements per se ( Flowers' idea2' that these patients lack a dynamic "internal model" of their own movements from which to control them predictively. As a final remark in this context, a diminished "shifting aptitude" in the motor modality offers an explanation for the earlier finding that Parkinson's disease patients have problems in planning or anticipating motor behaviour;2' for, the latter is simply the consequence of the former.
DEFICITS AT THE COGNITIVE LEVEL
Regarding the deficits seen in the cognitive tests, table 6 clearly shows that there are significant differences between the two groups with respect to the criterion tests for "shifting aptitude" in the verbal and figural modality. First, word production tests: regarding the two alternative kinds of interpretations (see Methods, measurement of "shifting aptitude" and statistical analysis), table 6 shows that there are significant differences between the Parkinson and control group in both cases: table 6 , column 1 (traditional interpretation) and table 6, column 5 (alternative interpretation, starting from the point of view that "word production 2" test reflects, in addition, a kind of higher-order "shifting aptitude"); as the regression of the shift phase scores on baseline scores was not parallel in the latter case ( 
